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HydrochemistryAbstract Physicochemical parameters namely temperature, pH, salinity, EC, TDS, DO and COD
were analyzed from October, 2012 to August, 2013. Toxic metals Cr, Cd, Ni, Cu and Zn were quan-
tiﬁed during June, 2013. The observed parameters ranged as Temp. 20.5–31.3 C, pH 6.9–8.0, sali-
nity 57–582 mg/L, TDS 80–754 mg/L, EC 121–1167 ls, DO 0.5–3.5 mg/L and COD 80–480 mg/L.
Toxic metal concentrations ranged as Cr 0.0371–0.1023 mg/L, Cd 0.0065–0.0152 mg/L, Ni
0.1441–0.513 mg/L, Cu 0.016–0.1434 mg/L, Zn 0.0481–0.13 mg/L. According to the statistical
analysis pH, Salinity, EC, TDS and COD show positive correlations with each other and negative
correlations with Temp. and DO. Toxic metals Cr, Cd and Ni show positive correlations among
themselves and negative correlations with Cu and Zn. The hydrochemistry of the water body has
revealed that the water is not safe for aquatic lives as well as human health. Also household,
irrigations and industrial use without proper treatment are discursive.
ª 2015 National Institute of Oceanography and Fisheries. Hosting by Elsevier B.V. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
Rivers are the major source of surface water supply which is
used in drinking, household, irrigation and industrial purpos-
es. But due to municipal and industrial pollution the avail-
ability of fresh surface water is becoming worse nowadays.
Like all over the world, Bangladesh is facing a tremendous
problem for getting fresh water. The vulnerability of surface
water is very much high to pollution because of its ﬂexible
accessibility for disposal of wastes. In this industrial era
Rivers are turned into dumping stations and receive a largequantity of wastes from industries and municipals (Kamal
et al., 1999). The Shitalakkhya is the tributary of
Brahmaputra and a traditional River in Bangladesh. It is a
navigable River year round and water vehicles run on it. It
was said that water of the Shitalakkhya River is a sign of puri-
ty and its vapor was only suitable for knitting Moslin saree in
the whole world. In the last few couple of decades Bangladesh
has experienced industrial development. Narayanganj is one of
the industrial zones and the second largest developed industrial
area of the country. Various types of industrial units especially
dyeing and textile industries have been established in this area.
More than 80% industries have no efﬂuent treatment plant
(ETP) and directly or indirectly dumping their waste in the
Shitalakkhya River. Textile and dyeing industries discharge
their untreated dye with heavy metals into the Shitalakkhya
River. Industrial wastes contain different types of solid wastes,
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wastes are different from the municipal and commercial wastes
(Rahman and Bakri, 2002). By consumption and using this
polluted water in bathing, washing and household work the
marginal people who are living on the bank of the
Shitalakkhya River especially children are prone to different
types of water borne diseases, viz. nausea, skin sore, irritation
in respiratory tract (Sultana et al., 2009), typhoid, dysentery,
cholera, viral hepatitis, etc. and lose their life. The assessment
of physicochemical water quality parameters plays an impor-
tant role in classiﬁcation of the water quality (Sahin et al.,
2014), hydrochemistry and ecology. The assessment of water
quality evaluation is very much necessary for safe and sound
health, environment and ecosystem. In this study the industrial
and municipal pollution effect on the Shitalakkhya River
water and its toxicity were observed and after that statistical
correlations are drawn among the parameters which have
not been observed yet. Therefore, it could be a fruitful attempt
to understand the correlation among physicochemical water
quality parameters.
Materials and methods
Sampling
The water samples were collected for physicochemical para-
meters from 0.6 m and for heavy metals from 2.5 m depth from
surface by the grab method (Alam et al., 2012). The samples
are collected 100 ± 2 m into the River from the bank i.e.
mid axial. For collecting samples from different selectedFigure 1 Shitalakkhya River, sampling stations.stations 500 mL non-transparent plastic bottles were used.
First the bottles were washed by detergent solution and after
that those were treated with 2% (v/v) nitric acid solution over-
night and ﬁnally washed with deionized water. After that the
sample bottles have been dried in the air. During sampling
the prior marked sample bottles were washed with sampling
water and tightly screwed after sample collection. Finally they
were carefully carried to the laboratory by ice carrier and pre-
served at 4 C for further analysis. The samples were taken to
the normal temperature before analysis.
Sampling stations
All the sampling stations lie between Latitude 90500 and
Longitude 23720 (Tarabo) to Latitude 90520 and Longitude
23700 (Kanchpur Bridge). Five sampling stations were
Tarabo (St-1), Khal ghat (St-2), Cement Industry (St-3),
Sinha textile (St-4) and Kanchpur Bridge (St-5). The sampling
stations are shown in Fig. 1.
Sample analysis
Samples were analyzed in the Inorganic Research laborato-
ry, Department of Chemistry, Jagannath University. The
salinity, conductivity, TDS, pH and DO were measured
instrumentally. Salinity, EC and TDS were measured by
‘CTS-406K’ model meter, Taiwan; pH was measured by
‘Twin, B-221’ pH meter by Horiba, Japan; and DO was
measured by ‘YK-22’ model meter, Taiwan. COD were
determined by condensation and potassium dichromate
oxidation. All reagents were purchased from Merck,
Analytical Grade (AR), Germany. Toxic metal concentration
was determined by ‘SHIMADZU, AA-7000’ model atomic
absorption spectrometer. A high precision electrical balance
‘KERN, ABS 220-4’ was used for weighing. For toxic metal
concentration determination samples were preconcentrated
and then the sample was ﬁltered through a nylon membrane
ﬁlter (Whatman, pore size 0.8 lm, diam. 47 mm).
For toxic metal analysis an aliquot of 100 mL of each sam-
ple was taken in a 100 cm3 of Pyrex volumetric ﬂask. Then 1 M
concentrated HCl (9 cm3) was added followed by 1 M concen-
trated nitric acid (3 cm3). The content of the volumetric ﬂask
was carefully heated in sand bath nearly to dryness in fume
hood. After cooling the volumetric ﬂask at room temperature,
deionized water was added to the sample up to the mark of
ﬂask. Then, the sample was ﬁltered and the ﬁltrate was collect-
ed in a 250 mL screw cap plastic bottle (Type- HDPE contain-
er, LDPE-lined Polypropylene Cap, Brand-Thermo Scientiﬁc).
Finally, they were preserved for the determination of metal
concentration. The AAS was calibrated for all the metals by
running different concentrations of standard solutions.
Average values of three replicates were taken for each determi-
nation. The detection limit was 0.003 mg/L.
Statistical analysis
Mean and standard deviation (SD) were computed to show the
average behavior of the parameters and their dispersions.
Pearson’s correlation (r) represented the association among
the parameters. All statistical analysis was performed with
SPSS (16.0 version) software.
Table 1 Physicochemical water quality parameters of the Shitalakkhya River from October, 2012 to August, 2013.
Sampling ID Temp (C) pH Salinity (mg/L) TDS (mg/L) EC (ls) DO (mg/L) COD (mg/L)
October St-1 29.1 7.7 57 80 121 3.0 100
St-2 29.0 7.5 97 102 142 2.7 80
St-3 29.3 7.4 60 84 127 3.1 210
St-4 29.0 7.5 58 81 123 3.0 260
St-5 29.2 7.3 61 85 122 3.2 220
December St-1 21.8 7.4 282 392 591 2.8 120
St-2 21.7 7.6 297 402 617 1.7 380
St-3 21.8 7.2 274 380 570 2.0 120
St-4 21.8 7.5 286 400 604 1.4 220
St-5 21.7 7.5 421 586 881 3.3 100
February St-1 22.0 7.5 498 696 1130 0.7 320
St-2 21.5 8.0 582 754 1146 0.5 480
St-3 21.9 7.4 512 723 1128 1.4 310
St-4 21.8 7.7 525 742 1167 1.3 290
St-5 22.1 7.3 509 722 1122 1.4 440
April St-1 29.7 7.5 493 672 1011 0.9 260
St-2 29.2 7.7 496 680 1014 1.2 200
St-3 29.5 7.6 490 668 1002 2.1 160
St-4 29.3 7.7 499 680 1020 1.3 240
St-5 29.4 7.7 473 658 989 1.5 420
June St-1 30.6 6.9 75 104 157 3.5 80
St-2 30.4 7.8 126 176 261 2.2 220
St-3 31.3 7.1 112 157 238 2.1 160
St-4 31.0 7.2 100 140 210 2.2 100
St-5 30.8 7.0 100 140 211 1.8 160
August St-1 29.3 7.4 65 90 137 3.2 90
St-2 29.6 7.8 79 110 165 1.4 210
St-3 29.5 7.2 74 104 155 2.9 140
St-4 29.4 7.6 71 98 145 2.5 100
St-5 29.1 7.6 72 100 150 2.6 160
**St-1 = Tarabo, St-2 = Khal ghat, St-3 = Cement industry, St-4 = Sinha textile, St-5 = Kanchpur Bridge.
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Physicochemical parameters
Physicochemical parameters of the Shitalakkhya River water
were measured bimonthly from October, 2012 to August,
2013 which is shown in Table 1. Throughout the study period
the color of water was dark and acrid in smell. Descriptive
statistics including the maximum, minimum, mean and stan-
dard deviation values for the Shitalakkhya River water are
charted in Table 2. Physicochemical parameters of water
revealed signiﬁcant correlations with a strong afﬁnity with
each other shown in Table 3 which indicates the signiﬁcance
of one parameter to predict the other (Davis, 1986).
Water temperature is an important parameter in assessing
the water environment. Cold water encompasses more oxygen
than warm water (Mandal et al., 2012) which is important for
aquatic life. Drastic change of water temperature is fatal for
ﬁsh (Patil et al., 2012) and biota. Table 1 shows that the tem-
perature of the Shitalakkhya River varied from 20.5 to 31.3 C
and shows signiﬁcantly negative correlations (p< 0.01) with
salinity, TDS and EC as r= 0.579, 0.585 and 0.598
and insigniﬁcantly negative correlations with pH and COD
as r= 0.182 and 0.439 and an insigniﬁcant positivecorrelation with DO as r= 0.358, respectively. During the
month of June, 2013, St-3 shows the highest temperature.
The reason of higher temperature is a result of meteorological
fact and solar radiation. Besides there are many mills and fac-
tories constructed on the bank of the Shitalakkhya River and
use Shitalakkhya’s water for cooling purpose. After cooling
they drained out their efﬂuent into the Shitalakkhya River
which increases the temperature.
pH is the most important water quality parameter which
determines the corrosive characteristic of water. Lower value
of pH indicates the higher acidic and corrosive character of
water (Patil et al., 2012). Photosynthesis quantity of water
body depends on the pH value of water. By the decrease of
photosynthesis rate the incorporation of carbon dioxide and
bicarbonates increases which are eventually responsible for
increase in pH (Simpi et al., 2011). Table 1 shows that pH var-
ied from 6.9 to 8.0 and shows insigniﬁcant but positive corre-
lations (p< 0.01) with salinity, TDS, EC and COD as
r= 0.388, 0.372, 0.365 and 0.432 and negative correlations
with temperature and DO as r= 0.182 and 0.420, respec-
tively. The higher pH at St-2 is due to the textile and paper mill
efﬂuents discharged here.
Salt content of water depicts the appropriateness of water
for drinking, washing and irrigation process. Higher salt con-
tent in water causes dysentery and creates problems during
Table 2 Descriptive statistics of the physicochemical para-
meter of waters from the Shitalakkhya River.
Parameters N Min. Max. Mean SD
Parameters 30 1 5 3.00 1.438
Temp. 30 21.50 31.30 27.06 3.82
PH 30 6.90 8.00 7.4767 0.25
Salinity 30 57.00 582.00 2.6147E2 198.26
TDS 30 80.00 754.00 3.6020E2 273.40325
EC 30 121.00 1167.00 5.4853E2 421.73384
DO 30 0.50 3.50 2.0967 0.85075
COD 30 800.00 480.00 2.1167E2 111.60532
**Min. =Minimum, Max. =Maximum, SD= Standard
deviation.
28 J.B. Islam et al.menstrual process. It also affects the soil construction, perme-
ability and aeration which affect the plant growth (Rao, 2006).
Salinity reveals the composition of different ions which have
adverse effects on human, animal, aquatic life and crop pro-
duction. As a result of high concentration of sodium ion in
leaves, leaf burn and defoliation have been occurred (Nasr
and Zahran, 2014). Table 1 shows salinity varied from 57 to
582 mg/L and shows signiﬁcant positive correlations
(p< 0.01) with TDS, EC and COD as r= 0.999, 0.997 and
0.632 and negative correlations with temperature and DO as
r= 0.579 and 0.731, respectively.
TDS is the quantity of the total dissolved material in the
water. Higher concentrations of TDS make the water more
turbid. TDS varied from 80 to 754 mg/L and shows signiﬁcant
positive correlations (p< 0.01) with salinity, EC and COD as
r= 0.999, 0.999 and 0.632 and negative correlations with tem-
perature and DO as r= 0.585 and 0.726, respectively.
According to FAO the value of EC in water body greater
than 1000 ls is not suitable for agricultural, household, indus-
trial and drinking purpose. EC varied from 121 to 1167 ls and
shows signiﬁcant positive correlations (p< 0.01) with salinity,Table 3 Correlation matrix among water quality parameters of the
Parameters Temp. pH Salinity
Temp. 1 0.182 0.579**
pH 0.182 1 0.388
Salinity 0.579** 0.388 1
TDS 0.585** 0.372 0.999**
EC 0.598** 0.365 0.997**
DO 0.358 0.420 0.731**
COD 0.439 0.432 0.632**
** Correlation is signiﬁcant at the 0.01 level (2-tailed).
Table 4 Toxic metal concentration of the Shitalakkhya
ID No Cr in (mg/L) Cd in (mg/L) N
St-1** 0.1023 0.0133 0
St-2** 0.0991 0.0152 0
St-3** 0.0811 0.0065 0
St-4** 0.0551 0.0133 0
St-5** 0.0371 0.0125 0
** St-1 = Tarabo, St-2 = Khal ghat, St-3 = Cement industTDS and COD as r= 0.997, 0.999 and 0.637 and negative cor-
relations with temperature and DO as r= 0.598 and 0.730,
respectively. St-4 shows the higher value of EC 1167 ls during
February, 2013. This higher value of EC increases due to the
discharge of industrial efﬂuent. There are a number of textiles
and dyeing industries operating on the bank of the
Shitalakkhya River whose efﬂuents containing heavy metal
are discharged into the River without any treatment. Ship
repairing workshop situated on the bank of the Shitalakkhya
River discharges different heavy metals which is a potential
source of EC.
DO is the most assessing parameter of water which indi-
cates the availability of life in the water body. If DO declines,
then the water body is not habitable for aquatic biota. DO var-
ied form 0.5 to 3.5 mg/L and shows signiﬁcant negative corre-
lations (p< 0.01) with salinity, EC, TDS and COD as
r= 0.731, 0.726, 0.730 and 0.689 and an insigniﬁcant
positive correlation with temperature as r= 0.358, respective-
ly. St-2 shows lower value of DO (0.5 mg/L) during February,
2013 resulted from huge household and industrial load at this
point. Besides, this is a dry season and lower stagnant water
proliferates the microbial growth thereby decreasing the DO
level.
COD refers to the organic contents in the water body.
Higher levels of COD are the indication of toxic state of water.
COD varied from 80 to 480 mg/L and shows signiﬁcant posi-
tive correlations (p< 0.01) with salinity, TDS and EC as
r= 0.632, 0.630 and 0.637 and a negative correlation with
DO as r= 0.689, respectively. The higher value of COD at
St-2 during February, 2013 is due to the stagnant water condi-
tion and higher industrial and household load at this station.
Toxic metals
Toxic metal concentrations in the Shitalakkhya River water
were measured during June, 2013 and tabulated in the
Table 4. Descriptive statistics of toxic metals including theShitalakkhya River.
TDS EC DO COD
0.585** 0.598** 0.358 0.439
0.372 0.365 0.420 0.423
0.999** 0.997** 0.731** 0.632**
1 0.999** 0.726** 0.630**
0.999** 1 0.730** 0.637**
0.726** 0.730** 1 0.689**
0.632** 0.637** 0.689** 1
River water during June 2013.
i in (mg/L) Cu in (mg/L) Zn in (mg/L)
.3467 0.0477 0.0838
.5130 0.0549 0.0481
.1676 0.0447 0.0989
.1772 0.1434 0.1300
.1441 0.0160 0.0863
ry, St-4 = Sinha textile, St-5 = Kanchpur Bridge.
Table 5 Descriptive statistics of the metal concentration in the Shitalakkhya River.
Metal N Min.** Max.** Mean SD**
Cr 5 0.04 0.10 0.0747 0.02819
Cd 5 0.01 0.02 0.0117 0.00344
Ni 5 0.14 0.51 0.2708 0.15721
Cu 5 0.02 0.14 0.0613 0.04820
Zn 5 0.05 0.13 0.0894 0.02952
** Min. =Minimum, Max. =Maximum, Std. = Standard deviation.
Table 6 Correlation matrix among toxic metals of the Shitalakshya River.
Metal Cr (mg/L) Cd (mg/L) Ni (mg/L) Cu (mg/L) Zn (mg/L)
Cr 1 0.346 0.789** 0.097 0.537**
Cd 0.346 1 0.723** 0.378 0.327
Ni 0.789** 0.723** 1 0.087 0.791**
Cu 0.097 0.378 0.087 1 0.642**
Zn 0.537 0.327 0.791** 0.642** 1
** Correlation is signiﬁcant at the 0.01 level (2-tailed).
Assessment of toxicity in the Shitalakkhya River 29maximum, minimum, mean and standard deviation values for
the Shitalakkhya River water is tabulated in Table 5. Toxic
metals of water revealed signiﬁcant correlations with a strong
afﬁnity with each other as shown in Table 6.
Toxics metals are signiﬁcant threatening source on ecosys-
tem. The concentration of Chromium (Cr) in the
Shitalakkhya River water is in the range: 0.0371 to
0.1023 mg/L and shows a signiﬁcant positive correlation
(P< 0.01) with Ni as r= 0.789 and negative correlation with
Zn as r= 0.537. The highest concentration of Cr was shown
at St-1 (0.1023 mg/L, Table 4) which is higher than the permis-
sible level by WHO (0.05 mg/L) due to the industrial efﬂuent
discharge. Different types of cooling towers are operating at
different industries situated on the bank of the Shitalakkhya
River. From cooling tower additives chromium could be mixed
into the River water.
The concentration of cadmium (Cd) in the Shitalakkhya
River water is in the range: 0.0065 to 0.0152 mg/L and shows
a signiﬁcant correlation (P< 0.01) with Ni as r= 0.723 which
lie in the permissible level by Department of Environment
(DoE) (waste water 0.05 mg/L and domestic water 0.005 mg/L).
Besides, Cd shows positive but insigniﬁcant correlations with
Cr and Cu. A previous study (El-Ebiary et al., 2013) found
the highest mortality relation as a consequence of high dose
of Cd on red tilapia which also affects on the decrease of sperm
number.
The concentration of Nickel (Ni) in the Shitalakkhya River
us in the range: 0.1441 to 0.513 mg/L and shows signiﬁcant
correlations (P< 0.01) with Cr and Cd as r= 0.789 and
0.723, and a negative correlation with Zn as r= 0.791.
The highest concentration of Ni was observed at St-2 which
is above the permissible level by WHO (as 0.1 mg/L). This is
due to some paper mill operating on the bank of the
Shitalakkhya River near this station. There are some dock-
yards constructed on the bank of the Shitalakkhya River.
This might be a source of high concentration of nickel in the
Shitalakkhya River water.
The concentration of Copper (Cu) in the Shitalakkhya
River water is in the range: 0.016–0.1434 mg/L and shows asigniﬁcant correlation (P< 0.01) with Zn as r= 0.642 and
an insigniﬁcant positive correlation with Cd as r= 0.378.
The concentration of Zinc (Zn) in the Shitalakkhya River
water is in the range: 0.0481–0.1300 mg/L and shows a positive
correlation (P< 0.01) with Cu as r= 0.642 and negative cor-
relations with Cr and Ni as r= 0.537 and 0.791,
respectively.Conclusions
This work reveals the present toxicity status of the
Shitalakkhya River by observing pH, salinity, EC, TDS, DO
and COD. These parameters show positive correlations
(P< 0.01) with each other and negative correlations with tem-
perature and DO. During February, 2013, St-2 showed the
higher inorganic pollution by value of salinity, TDS and EC
by 582 mg/L, 754 mg/L and 1146 ls, respectively and organic
pollution by DO and COD as 0.5 mg/L and 480 mg/L, respec-
tively. According to the above data the Shitalakkhya River
water exhibits EC, DO and COD above the DoE suggested
value and the water is consequently not safe for drinking,
household, irrigation and industrial purpose. St-1 is the highest
Cr contaminated station by 0.1023 mg/L and St-2
Contaminated by Cd and Ni by 0.0152 mg/L and 0.513 mg/L,
respectively and St-4 is contaminated by Cu and Zn by
0.1434 mg/L and 0.13 mg/L, respectively during June, 2013.
Based on organic and inorganic pollution St-2 is the most pol-
luted area which is unsuitable for drinking, household and
industrial use. Thus authorities should take necessary steps
to prevent the untreated industrial and municipal discharge
by installing efﬂuent treatment plant (ETP) and no permission
should be given to setup new industries without setting an
efﬂuent treatment plant.Acknowledgments
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